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(54) Microwave noise measuring 
apparatus 

(57) Apparatus for measuring the 
phase noise content of a microwave 
signal source (10) includes a 
microwave cavity (22) resonant at a 
fixed frequency, signal generating 
means (23) operable to generate a 
. frequency representing the difference 
, between the source frequency and 
that of the resonant cavity, and 
mixing means (20) for combining the 
outputs of the source and the signal 
generating means. The output from 
the resonant cavity 22 is applied to a 
phase detector (15) together with a 
portion of the output of the mixing 
means (20) in phase quadrature 
therewith (16) and the output of the 
phase detector (15) represents the 
phase noise content of the output of 
the microwave source (10). The 
signal generating means (23) includes 
a voltage-controlled oscillator the 
frequency of which is controlled by 
an output from the phase detector 
means ( 1 5) so as to maintain the 
output of the mixing means (20) at 
the resonant frequency of the 
microwave cavity (22). 
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drawing(s) originally filed was/were informal and the' print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 

Microwave noise measuring apparatus 

5 This invention relates to microwave noise 
measuring apparatus intended particularly for 
the measurement of the phase noise content 
of a microwave signal source. 
All microwave" signal sources generate un- 

10 wanted phase noise, that is noise in the form 
- of random frequency variations about the 
source output frequency. Whilst the magnitude 
of the phase • noise content of a signal may be 
small it may become significant, for example 

15 in doppler frequency radar systems. This is 
because the radar return applied to a doppler 
radar receiver may be very small and is in the 
form of a small change in frequency from that 
of the transmitted radar signal. It will be ap- 

20 predated therefore that phase noise could lead 
to erroneous interpretations of doppler signals 
or mask them altogether. 

In order to control or reduce the phase 
noise content of the output of a microwave 

25 signal source it is first necessary to be able to 
measure the phase noise. Several techniques 
are known for this, but these have disadvan- 
tages which affect their use and accuracy. The 
techniques described relate to single-frequency 

30 microwave sources of the type which may be 
tunable over only a few tens of MHz. 

One technique involves cross-correlation be- 
tween two microwave sources, one being the 
source under test and the other being a refer- 

35 ence. The main problem with this technique is 
the difficulty of obtaining a reference source 
which is of significantly better performance 
than the source under test. As a result a ref- 
erence source may not be available, and this 

40 technique is therefore of no use. 

Other techniques exist which use only the 
source under test. One makes use of a delay 
line to which the output of the source is ap- 
plied and a phase detector comparing the out- 

45 put of the delay line with the source output 
90° out of phase with it. The delay line trans- 
forms frequency fluctuations into phase fluctu- 
ations and the phase detector converts these 
into voltage fluctuations at its output. Unfortu- 

50 nately such a system has low sensitivity due 
to the limited amount of input power which 
can be applied to the system. 

A second technique which avoids this prob- 
lem uses a tunable cavity resonator to provide 

55 a delay in place of the delay line. The cavity 
is tuned to the frequency of the signal source 
and has the effect of suppressing the source 
frequency whilst leaving the noise frequency 
signals. This enables greater power to be ap- 

60 plied to the measuring system, thus increasing 
the sensitivity. The problems which arise from 
the use of this technique are associated with 
the use of a tunable resonant cavity. Firstly 
the cavity has to be returned for each source 

65 frequency, and this takes time. In addition the 



resonant frequency of the cavity may well be 
sensitive to mechanical vibration. Finally, all 
other components in the measuring system 
must have wide bandwidths to cover the tun- 
70 ing range which the system may have to 
cover. 

It is an object of the present invention to 
provide apparatus for measuring the phase 
noise content of the output of a microwave 

75 signal source which requires only a single mi- 
crowave source and which does not suffer 
from the problems set out above. 

According to the present invention there is 
provided apparatus for measuring the phase 

80 noise content of the output of a microwave 
signal source, which includes a microwave 
cavity resonant at a fixed frequency differing 
from that of the source by between 1% and 
10% of the cavity resonant frequency, signal 

85 generating means operable to generate a sig- 
nal representing the difference between the 
frequency generated by the microwave signal 
source and the resonant frequency of the cav- 
ity, mixing means operable to combine the 

90 outputs of the microwave signal source and of 
the signal generating means to provide a sig- 
nal having a frequency equal to the resonant 
frequency of the cavity for application thereto, 
and phase detector means responsive to an 

95 output from the cavity and to an output from 
the mixing means in phase quadrature there- 
with to provide a signal representing the 
phase noise content of the output of the mi- 
crowave signal source. 
100 The invention will now be described with 
reference to the accompanying drawings, in 
which:- 

Figure 1 shows a block diagram of known 
apparatus using a tunable resonant cavity; 

105 Figure 2 is a block diagram of a first em- 
bodiment of the invention; and 

Figure 3 shows a modification to the appa- 
ratus of Fig. 2. 
Referring now to Fig. 1 a known phase 

1 10 noise measuring system includes the source 
under test 10 which applies a signal by way 
of a low noise amplifier 11, a 10dB coupler 
12 and a circulator 13 to a tunable resonant 
cavity 14. An output from the cavity 14 

1 15 passes via the circulator 13 to a phase detec- 
tor 15. The signal applied to the 10dB coupler 
12 is also applied by way of a phase shifter 
16 to the phase detector 15, the phase shifter 
being arranged so that its output is 90" out of 

120 phase with the output of the resonant cavity. 
The output of the phase detector 15 is the 
output of the phase noise measuring system 
and may. for example, be applied to a spec- 
trum analyser 17. The analyser is particularly 

125 useful if the source under test is frequency 
modulated by a low frequency oscillator 18. 

In use, the resonant cavity 14 has to be 
tuned to the frequency of the source under 
test. The effect of the tuned cavity 14, so far 

130 as signals within the cavity bandwidth are 
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CLAIMS 

1. Apparatus for measuring the phase 
noise content of the output of a microwave 
signal source, which includes a microwave 

5 cavity resonant at a fixed frequency differing 
from that of the source by between 1 % and 
10% of the cavity resonant frequency, signal 
generating means operable to generate a sig- 
nal representing the difference between the 

10 frequency generated by the microwave signal 

source and the resonant frequency of the cav- 
- ity, mixing means operable to combine the 
outputs of the microwave signal source and of 
the signal generating means to provide a sig- 

15 nal having a frequency equal to the resonant 
frequency of the cavity for application thereto, 
and phase detector means responsive to an 
output from the cavity and to an output from 
the mixing means in phase quadrature there- 

20 with to provide a signal representing the 
phase noise content of the output of the mi- 
crowave signal source. 

2. Apparatus as claimed in Claim 1 in 
which the signal generating means comprise a 

25 variable-frequency oscillator the frequency of 
which is controlled by an output from the 
phase detector means so as to maintain the 
output of the mixing means at the resonant 
frequency of the microwave cavity. 

30 3. Apparatus as claimed in Claim 1 in 

which the signal generating means comprise a 
fixed frequency oscillator, a voltage-controlled 
oscillator and second mixing means for com- 
bining the outputs of the fixed frequency and 

35 voltage controlled oscillation of the voltage- 
controlled oscillator being controlled by an 
output from the phase detector means so as 
to maintain the output of the mixing means at 
the resonant frequency of the microwave cav- 

40 ity. 

4. Apparatus as claimed in either of Claims 
2 or 3 in which the output of the phase de- 
tecting means is applied to the voltage-con- 
trolled oscillator by way of further mixing 

45 means to which may be applied the output of 
a low frequency calibration oscillator. 

5. Apparatus as claimed in any one of the 
preceding claims which includes a band-pass 
filter connected between the mixing means 

50 and the microwave cavity and phase-shifting 
means. 

6. Apparatus for measuring the phase 
noise content of the output of a microwave 
signal source substantially as herein described 

55 with reference to Figs. 2 and 3 of the accom- 
panying drawings. 
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